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Experimental Verification of Single-Phase Grid-Connected Inverter using Semi-Open-Loop Control
Kodai Nishikawa", Jun-ichi Itoh, (Nagaoka University of Technology)

This paper proposes a semi-open-loop control for a single-phase grid-tied inverter with a voltage control. In order to improve
the output current distortion, a disturbance observer, includes an inductance value of greater than the grid-tied inductance, is applied
to the semi-open-loop control. By using the proposed method, the inverter output current total harmonic distortion (THD) is reduced
by 76% with the grid-connected operation compared to the open-loop control. Also, the inverter output voltage THD is reduced by

up to 57% with the stand-alone operation for a diode rectifier load.
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Fig. 1. Inverter circuit configuration.
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(b) Block diagram of a LCL filter with a power grid.
Fig. 3. Block diagram of open-loop control.

Controller Circuit

VCOHV

il

2y Vefii_det
St

Fig. 4. Block diagram of the conventional semi-open-loop control.
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Fig. 5. Block diagram of proposed semi-open-loop control.

Table 1 Analysis condition.

Grid-tied inductance L grid-tied 1mH
Filter inductance L 170 puH
Filter capacitance Cs 8 uF
Grid frequency fgria 50 Hz
Cutoff fre. of DOB fc 500 Hz
foria: S0 Hz  fc: 500 Hz
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(a) Inverter output voltage disturbance characteristics.
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(b) Inverter output current characteristics.
Fig. 6. Comparison of gain characteristics of open-loop, conventional
and proposed semi-open-loop control without virtual inductance.
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Fig.8 Block diagram of the conventional semi-open loop control with
the filter inductor voltage compensation.

Table 2 Experimental conditions.

Output power P out 5 kw
DC link voltage Ve 330V
Grid voltage V gria 200V
Grid-tied inductance (%Z) | L grig-tea | 1 MH(3.9%)
Filter inductance (%Z) L 170 uH(0.7%)

Filter capacitance (%Y) Chi 8 uF(2.0%)

Virtual inductance (%2Z) L virtwal 2 mH(7.9%)

Grid frequency fgria 50 Hz

Cutoff fre. of DOB fc 500 Hz

Switching frequency fsw 10 kHz

Sampring frequency fs 20 kHz
Damping factor of BEF ¢ 0.05
Dead time T dead 3pus
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(c) Proposed semi-open-loop control at 0.93p.u.
Fig. 8. Grid-connected operation waveforms.
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Fig. 11. Stand-alone operation waveform with a diode rectifier.
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